Empirical and phenomenological based models are used to represent biological and physiological processes. Phenomenological models are derived from the knowledge of the mechanisms that underlie the behaviour of the system under study, while empirical models are derived from analysis of data to quantify relationships between variables of interest. For studying biological systems, the phenomenological modeling approach offers the great advantage of having a structure with variables and parameters with physical meaning that enhance the interpretability of the model and its further used for decision making. The interpretability property of models, however, remains a vague concept. In this study, we tackled the interpretability property for parameters of phenomenological-based models. To our knowledge, this property has not been deeply discussed, perhaps by the implicit assumption that interpretability is inherent to the phenomenological-based models. We propose a conceptual framework to address the parameter interpretability and its implications for parameter identifiability. We use as battle horse a simple but relevant model representing the enzymatic degradation of β−casein by a Lactococcus lactis bacterium.
identified. Finally, the constants are fixed values either because of its universality (e.g., the gravity constant) or because of the modeler choice 119 (e.g., setting a parameter with a known value from literature). 3. Setting a conceptual framework for interpretability analysis 133 In this section, we propose a conceptual framework for parameter inter-134 pretability analysis. The concepts that constitute the proposed framework to 135 analyse parameter interpretability are defined and summarized in Table 1 . For 136 the sake of clarity, the conceptual framework is studied using a simple mathe-137 matical model that describes the dynamics of enzymatic hydrolysis of β-casein 138 by a Lactococcus lactis bacterium in a batch system [27] . The basic structure 139 of the model is obtained from applying a component mass balance, which results 140 in the following unique differential equation: terms of the goodness of fit:
159
• First-order kinetics:
• nth-order kinetics: 161 r(·) = k n Ex n (3)
• Michaelis-Menten kinetics:
• Competitive inhibition kinetics:
with I = x 0 − x. This expression can be further manipulated to reduce 164 the number of its parameters as:
where E is the enzyme concentration, measured in optical density units 168 (OD 600 ). The parameter k 1 (1/OD 600 min) is the hydrolysis rate constant for 169 the first-order kinetics, and k n (1/µM n−1 OD 600 min) is the rate constant for of the model that allows to determine r(·). For example, if we select the first-182 order kinetic function r(·) = k 1 Ex, we say that r(·) is a structural coupled 183 parameter that depends on the variable x and two functional parameters: Following the case when r(·) is specified by the first-order kinetic rate as 190 in (2)), let's analyze the parameter interpretability (the analysis also applies to 
Equation (9) is referred to as a constitutive equation, defined by two new 204 functional parameters: c 1 and m 1 . These scalar parameters are numeri-205 cal values identified by regression analysis. Table 2 shows a classification of the 206 components of the β-casein model according to the conceptual framework pre-207 sented in Table 1 and considering that r(·) is defined by the first-order kinetic 208 rate in Equation (2). It is important to note that for the other kinetics options 209 (Equations (3) -(5)) this classification is also applicable. That is, the basic 210 structure or zero specification level is preserved, but the extended structure When k 1 is further defined by the constitutive equation (9) 
If the equality (10) a basic structure that is universal and interpretable, that is, all its structural 307 parameters are interpretable. However, it is often required to specify the structural parameters in the extended structure, yet maintaining the interpretability 309 of a model become more challenging.
310
Identifiability analysis applies only to scalar parameters (see definition of 311 scalar parameters in Table 1 ). In the β-casein model, the structural parameter 312 r(·) is a time variant quantity and thus identifiability testing is not relevant. The 313 quantity r(·) is interpretable and we might wonder if it is possible to estimate 314 it from the available measurements (x). The reconstruction of r(·) belongs to 315 another subject namely observability, which is not detailed here.
316
A structural identifiability analysis was performed for the β-casein model by Table 3 320 summarizes the identifiability and intepretability analysis. It can be noted that 321 the basic structure of the model is interpretable but its identifiability cannot be 322 tested because r(·) is not a scalar. However, its identifiability analysis is latter 323 applied and is affected when the structural parameter r(·) is defined by the 324 different kinetics. When r(·) is replaced by the first-order kinetic, the model is on the model structure. Also, the parameter position into the model structure helps to provide interpretability to that parameter being defined.
Contextualized interpretability
Physical meaning of a parameter valid only into a specific mathematical model.
The meaning is dependent on the considerations and hypothesis used to deduce the mathematical model within a given context.
General inter-
pretability Inherent physical meaning of the parameter within a model in a specific scientific domain, i.e., its interpretation is independent on assumptions used to deduce the basic model structure.
Non interpretability
The parameter has not physical meaning within the model. Non interpretable parameters must be then represented by a symbol without an interpretable property in the knowledge domain of the process. Basic structure and basic specification or zero specification level 
